We examined the presence and correlates of Black/White racial disparities in adherence to guidelines for colorectal cancer screening (CRCS).
C olorectal cancer (CRC) is the third most common cancer and the second leading cause of cancer death in this country. 1 Compared with Whites, Blacks are more likely to present with Stage IV disease and are less likely to survive. 2 These disparities are partially attributable to lower rates of CRC screening (CRCS) by Blacks, [3] [4] [5] which has been shown to significantly reduce CRC mortality. [6] [7] [8] [9] To understand what factors contribute to CRCS adherence, researchers have drawn on health behavior theories and have examined such factors as cognitions about screening, social and medical environmental factors, and demographic and health-related factors. [10] [11] [12] Few studies, however, have explored the extent to which racial disparities in adherence to CRCS are a function of these underlying factors, leaving unanswered questions about the best approaches to promote screening among populations with greater disease burden. [13] [14] [15] [16] [17] [18] [19] [20] This study contributes to the broader literature on race differences in CRCS by examining the relative contribution of demographic and health factors, cognitive factors, and environmental factors to racial disparities in CRCS in a nationally representative survey of Veterans Health Affairs (VHA) patients aged 50-75. The VHA is a particularly interesting system within which to examine racial disparities in CRCS because it provides equal access to care to all qualifying veterans, and mandates that all patients be assigned to a primary care provider, both of which diminish barriers to screening that might disproportionally affect racial minority and socioeconomically disadvantaged patients. 21 Additionally, since the mid-1990s the VHA has made demonstrable advances in improving the quality of preventive care, including CRCS. [22] [23] [24] With 80% of eligible patients receiving guideline-concordant CRCS, 25 CRCS rates in the VHA are notably higher than the national average of less than 60%. 26 Because quality improvement has been associated with reductions in disparities, 27, 28 it is plausible that racial disparities in adherence to CRCS could be nonexistent in the VHA. On the other hand, racial disparities in CRCS adherence could exist within the VHA, because racial disparities in care continue to exist in this setting across a broad range of clinical areas and types of services 29 and because Black patients may have fewer cognitive and environmental resources that contribute to adherence. Existing VA studies provide conflicting evidence about the presence of racial disparities in CRCS, and have significant limitations. For example, one study based upon a nationally representative sample of VA patients found lower rates of CRCS among Blacks compared with Whites. This study relied entirely on administrative data, however, and therefore could not adjust for important covariates such CRC knowledge. 30 Another published study, which found higher rates of screening among Black compared with White patients, also was based solely on administrative data and was conducted in a single VA site. 31 Given the limitations and conflicting findings of prior VA studies addressing this issue, additional studies examining race disparities in CRCS in the VA are warranted.
In this study, we tested the hypothesis that: 1) Blacks would be less likely to be adherent to CRCS than Whites; 2) race differences would persist even after controlling for demographic and health-related factors; and 3) any significant association between Black race and CRCS would be explained by: a) less favorable cognitions about screening; and b) less social and medical environmental support for screening.
METHODS

Conceptual Framework
Our hypotheses and analysis plan were guided by a conceptual framework ( Fig. 1 ) based on the Theory of Planned Behavior, 32 Social Cognitive Theory, 33 and the Health Belief Model. 34 The framework assumes that individual demographic and health factors influence adherence through their association with environmental and cognitive factors. Cognitive factors such as knowledge and beliefs about the outcomes associated with CRC screening and the desirability or undesirability of those outcomes (i.e., attitudes toward screening), and perceptions about one's ability (or self efficacy) to engage in screening, will influence CRC screening adherence by shaping motivation to be screened. These cognitive factors have been shown to vary by race [35] [36] [37] [38] [39] [40] [41] and hence, may contribute to racial differences in CRCS. The framework assumes that medical and social environmental factors can affect adherence by determining whether an individual has access to screening (i.e., is offered a screening procedure and resources for conducting the procedure are locally available) or by influencing the accessibility of screening (by determining the availability of things such as transportation to and from a colonoscopy appointment). There is evidence that the environmental factors that support screening may be less prevalent among Blacks (e.g., physician recommendation for screening, healthcare access, and social support).
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medical centers were grouped into 12 strata according to the size of the eligible patient population and the proportion of Black patients within the site (Fig. 2) . Two sites were then randomly selected from each stratum (yielding 24 facilities) and a simple random sample of 156 patients was selected from each sampled site (total sample=3,744). Of the 3,744 eligible patients, 3,025 responded to the survey (response rate 81% overall, 73% for Blacks, 89% for Whites). This analysis was restricted to the 1827 non-Hispanic White and the 328 nonHispanic Black patients (referred to as "White" and "Black") who were at "average risk" for CRC (i.e., no documented inflammatory bowel disease or colorectal polyps diagnosis).
Data Collection
The initial survey mailing included a cover letter, a questionnaire, and a $2 cash incentive. A reminder postcard was mailed approximately one week after the first survey mailing. A second survey mailing (with no incentive) was mailed to those who did not return a questionnaire within three to four weeks of the first mailing. Phone administration of the survey was attempted with all participants who did not return a questionnaire within three weeks of the second survey mailing. The 15-page questionnaire (available at http://www.hsrd.minneapolis. med.va.gov/PDF/SCREEN_NationalSurvey.pdf) included measures related to CRCS: patient demographic and health factors and specific cognitive and environmental factors. The Minneapolis VA Medical Center's Subcommittee for Human Studies approved the study's protocol.
Dependent Variables
At the time of the survey, CRCS guidelines recommended men and women aged 50 and older have either a fecal occult blood test (FOBT) annually, sigmoidoscopy or double contrast barium enema (DCBE) every five years, colonoscopy every 10 years, or a combination of annual FOBT and sigmoidoscopy every five years. A patient was classified as adherent if either their selfreport (consisting of three items from the CRCS adherence questionnaire developed by the National Cancer Institute 50 ) or VA administrative claims data indicated they were adherent to recommended CRCS guidelines. We used this combined measure of adherence, because it allowed us to avoid loss of observations to missing self-reported data, and to include procedures received outside the VA health care system by study participants (which are likely to vary by race since 67% of Whites versus 53% of Blacks in our sample have a non-VA source of care). Previous research conducted with veterans found acceptable levels of validity for self-reported CRCS behavior using these self-reported measures and did not find racial differences in the validity of self report. 51 Specific details of this measure are provided by Partin et al., 2010.
52
Patient race. Patient race was assessed by self-report. Eightysix individuals (2.8%) left this field blank. We used administrative data to determine the race of 49 of these and imputed the race of the remaining 37 for whom administrative data were not available. (1) patient self-report of receipt of recommendation for CRCS from a physician, (2) whether the patient received care entirely within the VA or had an additional source of care (referred to as "dual use"), and (3) a measure of facility complexity. Facility complexity level is a summary of seven variables representing volume of veterans served by the facility, availability of intensive care units, levels of teaching and research, and patient severity. Facilities are given a score based on these characteristics and are classified into five complexity levels (1 = least complex) based on availability of these resources. 59 This measure was dichotomized into low (levels 1 and 2) and high complexity (levels 3-5) for analyses.
Data Analysis and Power
Using the Hsieh et al. method, 60 we determined that we had at least 85% power to detect a 10-percentage point difference in the screening adherence rates between Blacks (n=328) and Whites (n=1827) in our study sample (N=2155). We used logistic regression to examine the unadjusted associations between race and CRCS adherence. Next we ran separate logistic regression analyses to examine the extent to which the following sets of factors (identified a priori based on our conceptual model) attenuated the association between race and CRCS adherence: demographic/health-related, cognitive, and social/medical environmental factors. We then tested for interactions between race and items comprising these three sets of factors. The logistic regression models were fit using SAS 9.2 Proc Survey Logistic and were weighted to account for oversampling and stratification. Each model included a random effect for facility to account for the possible interdependence of patients within each site. Only 3.7% of the data values for the three groups of factors included in these models were missing. However, 1298 (60.2%) of the 2,155 patients in the sample had non-missing values for at least one of the factors. To avoid biases and power reductions that would result from dropping cases with nonmissing values from the analyses, we used multiple imputation procedures 61, 62 and replaced each missing value with five randomly drawn values resulting in five imputed, complete versions of the original data set. We combined the results from separately analyzing these five data sets in order to obtain estimated standard errors reflecting not only the variation from sampling, but also the uncertainty due to imputation, thus preventing biased narrower confidence intervals. We also adjusted for survey non-response, which was of particular concern in this study because Blacks were less likely to respond to the survey compared with Whites. We fit a logistic regression model to calculate propensity scores (estimated response probabilities) for all veterans in the sample using demographic and clinical covariates from administrative data available for both the respondents and non-respondents. The veterans were ordered according to their propensity scores and then divided into quintiles, all the responders and nonresponders in each quintile having similar scores with assumed similar CRCS adherence behavior. 63 In each quintile, the sampling weights of the respondents were increased by a factor compensating for the non-respondents to produce sampling weights adjusted for the non-respondents (i.e., the sum of these weights over all the respondents in the sample equaling the size of the target population). These non-response-adjusted sampling weights were then used in conjunction with the logistic regression models analyzing the association of race with CRCS adherence to obtain results adjusted for survey non-response. 64 
RESULTS
Sample Characteristics
Compared with Whites, Blacks tended to be younger and to have fewer years of education, lower levels of income, poorer health, more medical comorbidities, and were more likely to have diagnoses of substance abuse, psychiatric illness or both (Table 1) . Blacks also had slightly higher scores on measures of CRCS salience and CRC susceptibility than Whites, but were less likely to correctly answer the CRC knowledge questions. Black were less likely than Whites to be married and had lower levels of emotional and tangible support, but had higher levels of social influence than Whites. There were no racial differences in physician recommendation for CRCS. Blacks were less likely to have a source of care outside the VA and were more likely to receive care in a high complexity facility.
Race and Adherence to CRCS Guidelines
The predictors of CRCS adherence in our model included several demographic/health related factors (age, overall health, Charlson Comorbidity score), cognitive factors (CRC salience, CRC fears, screening efficacy, self-efficacy) and environmental factors (marital status, social influence, low facility complexity, and provider recommendation for screening, which was the strongest predictor in our model). Table 2 shows the association between race and CRCS adherence prior to adjustment (Model 1), and after adjustment for: demographic/health-related factors (Model 2), cognitive factors (Model 3), environmental factors (Model 4), and all factors (Model 5). Before adjusting for demographic/health, cognitive, and environmental factors, Blacks were significantly less likely to be adherent to CRCS guidelines than Whites (72% versus 77%, p <0.05). The effect of race on adherence to CRCS was not statistically significant when adjusting for demographic/ health related factors (Model 2) and environmental factors (Model 4), but remained significant in the model that adjusted for cognitive factors (Model 3).
Interactions Between Race and CRCS Adherence Correlates
Tests for interactions revealed that the association of race with adherence varied significantly across levels of income, education, and marital status, after controlling for other demographic, cognitive, and environmental factors (all interactions were significant at p<0.05). Model 6, presented in Table 2 , adds these interactions to the total model. There was a fairly consistent pattern of results such that, among those who were married with higher levels of education, CRCS adherence was significantly higher for Whites; whereas among those who were unmarried, with low levels of education, adherence was significantly higher for Blacks. For example, among unmarried veterans with a high school degree or less, CRCS adherence rates were 74% for Blacks and 63% for Whites among those making $20,000 or less, and were 88% for Blacks and 64% for Whites among those making between $20,000 and $40,000. Among married veterans with a college degree making over $40,000, CRCS adherence rates were 58% for Blacks and 82% for Whites.
DISCUSSION
We found that Blacks were five percentage points less likely to be adherent to CRCS than Whites. This gap is smaller in magnitude than most prior studies, which have documented Black/White differences in CRCS ranging from 6% to 18%, 14, 16, 18, 19, [65] [66] [67] but is consistent with more recent results from national surveys and a prior VA study that used a nationally representative sample. 68 In addition, this observed disparity was no longer present when we adjusted for demographic and health factors. It is also noteworthy that we found no racial difference in physician recommendations for CRCS (84% for Blacks, 85% for Whites) which, as we found, is a strong correlate of CRCS. The high rates of CRCS adherence among Black and White veterans (72% and 77%, respectively) are considerably higher than national rates among Blacks and Whites during a similar period (48.6% and 56.8%). 69 These high screening rates are likely to be due, in part, to various VHA efforts initiated over the past ten years to increase adherence to CRCS, including the implementation of clinical reminders as part of the electronic medical record and an incentivized audit-andfeedback system of performance measures. [21] [22] [23] [24] This study builds upon prior studies examining racial disparities in adherence to CRCS, only a few of which have examined the extent to which cognitive and environmental factors contribute to disparities. 19, 66 Counter to our hypotheses, race differences in adherence to CRCS were explained by race differences in demographic/health-related factors and social/medical environmental factors, but not by cognitive factors. Although more research is needed to fully understand this pattern of results, it is likely that race differences in utilization of the VA as a source of care is a contributing factor. For example, one potential explanation for the relatively low rates of screening among disadvantaged White veterans is that these individuals are more likely to live in rural areas than their Black counterparts and therefore may have more difficulty accessing VA care. 70, 71 Also, the dominant modes of CRC screening differ within and outside the VA. FOBT is the dominant mode of screening within the VA whereas screening by colonoscopy is more common outside the VA. We conducted additional analyses and found that, among those who were adherent to CRCS, Black veterans had significantly higher rates of FOBT (60% vs. 53%, p=0.025) and lower rates of colonoscopy compared with White veterans (47% vs. 57%, p = 0.012). It may be the case that higher SES Black veterans, who are more likely than their lower SES Black counterparts to receive care outside the VA, are less likely to be offered a colonoscopy than whites receiving care outside the VA. Alternatively, higher SES blacks may be less likely than their white counterparts to find the option of colonoscopy acceptable (perhaps because it is an invasive procedure or because they are more likely to be unmarried and hence lack the necessary support required for the procedure).
There are several limitations to this study. Because the combined measure is based in part on self-report, and some over reporting of adherence does occur in this population, 51 this measure may have led to some overestimation of adherence. However, our adherence estimates (from data collected in 2007) correspond closely to the 2007 adherence estimate of 78% derived from the VA national performance measurement system (based on medical records only). 72 Additionally, the results of this study-particularly high rates of screening and the "reversal" of disparities that we found among disadvantaged patients-might not apply outside of the VA, which has made great strides at implementing CRCS system-wide. 21 These results have several implications for research, policy, and practice. First, other healthcare systems can build on the VA's success in promoting CRCS. Second, while the use of FOBT as the primary screening mode in VA has been successful, it is critical to ensure that positive FOBTs are appropriately followed up with diagnostic colonoscopy and to ensure that Black patients are as likely as white patients to receive appropriate follow-up. Two recent studies conducted in the VA, including one study based on a nationally representative cohort of VA patients, 30, 73 suggest that, although follow-up rates are similar for Black and White veterans, they are disappointingly low for both groups. Finally, there is a need for additional research to understand the "reverse" disparities we found among less advantaged, White veterans. If it is the case that living in a rural setting accounts for low rates of CRCS among disadvantaged White veterans, it will be critical to develop strategies to improve screening in this population. 70, 71 Additional research is also needed to understand why Black veterans are less likely to be screened by colonoscopy than their White counterparts.
